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$EVWUDFW
7KH WKHUPDO MRLQLQJ RI $OXPLQXP DQG &RSSHU LV D SURPLVLQJ WHFKQRORJ\ WRZDUGV DXWRPRWLYH EDWWHU\ PDQXIDFWXULQJ 7KH
GLVVLPLODU PHWDOV $O&X DUH GLIILFXOW WR ZHOG GXH WR WKHLU GLIIHUHQW SK\VLFRFKHPLFDO FKDUDFWHULVWLFV DQG WKH IRUPDWLRQ RI
LQWHUPHWDOOLFFRPSRXQGV,0&ZKLFKKDYHUHGXFHGPHFKDQLFDODQGHOHFWULFSURSHUWLHV7KHUHLVDFULWLFDOWKLFNQHVVRIWKH,0&V
ZKHUHWKHIDYRUHGPHFKDQLFDOSURSHUWLHVRIWKHEDVHPDWHULDOFDQEHSUHVHUYHG7KHODVHUEUD]HZHOGLQJSULQFLSOHXVHVDSRVLWLRQ
DQG SRZHU RVFLOODWHG ODVHUEHDP WR UHGXFH WKH HQHUJ\ LQSXW DQG WKH LQWHUPL[WXUH RI ERWK PDWHULDOV DQG WKHUHIRUH DFKLHYHV
PLQLPL]HG ,0&V WKLFNQHVV 7KH HYDOXDWLRQ RI WKHZHOG VHDP LV LPSRUWDQW WR LPSURYH WKH MRLQW SHUIRUPDQFH DQG HQKDQFH WKH






7KH PDLQ FKDOOHQJHV IRU WKH DXWRPRWLYH LQGXVWU\ DUH UHGXFLQJ HQHUJ\ FRQVXPSWLRQ DQG HPLVVLRQV HJ E\
UHGXFLQJZHLJKW DQG FRVW RIZLULQJKDUQHVVHV'LVVLPLODU DOXPLQXPFRSSHU FRQQHFWLRQV FRXOGEHXVHG WR DFKLHYH
WKHVHJRDOVDVGHVFULEHGE\%HUJPDQQHWDO)XUWKHUPRUHWKHMRLQLQJRI/L,RQEDWWHU\HOHFWURGHVXVXDOO\
PDGHRI$ODQG&XLVDNH\WHFKQRORJ\IRUPDQXIDFWXULQJEDWWHU\HOHFWULFYHKLFOHV
7KH ZHOGLQJ RI QRQVROYDEOH GLVVLPLODU PHWDOV VXFK DV $O DQG &X LV FRQVLGHUHG DV GLIILFXOW EHFDXVH RI WKH
LQHYLWDEOHIRUPDWLRQRI LQWHUPHWDOOLFFRPSRXQGV,0&%DVHGRQSDUWLDOFRYDOHQWDQGLRQLFFRQQHFWLRQV,0&DUH
HQHUJHWLFPRUHVWDEOH WKDQSXUHPHWDOOLFFRQQHFWLRQV:RUFKHWDO7KXV,0&DUHKDUGZHDNFRQGXFWRUV
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
7KHPLQLPL]LQJRI WKH LQWHUPHWDOOLF OD\HU FDQEH SHUIRUPHG E\PLQLPL]LQJ WKH LQWHUPL[WXUH RI WKHPHWDOV DQG
UHGXFLQJ WKHSURFHVV WLPH WR DYRLGGLIIXVLRQ5HJDUGLQJ WKH VROLGVWDWH IXVLRQSURFHVVHV +JHO HW DO  WKH
ODVHUZHOGLQJSUHVHQWVWKHDGYDQWDJHVRIFRQWDFWOHVVSRZHUGHOLYHU\DQGIDVWSURFHVVWLPHVEDVHGRQWKHORZLQHUWLD
SRVLWLRQLQJV\VWHP&RSSHUDQG$OXPLQXPFDQEHMRLQHGE\XVLQJILOOHUPDWHULDO:HLJOHWDORUUROOFODGGHG
LQVHUWV :HLJO HW DO :H ZLOO IRFXV RQ WKH EUD]HZHOGLQJ SULQFLSOH 6ROFKHQEDFK  ZKLFK ZLOO EH
H[SODLQHGLQWKHQH[WFKDSWHU
,Q RUGHU WR HYDOXDWH WKH TXDOLW\ RI D ZHOGHG MRLQW WKH FODVVLFDO SXOO WHVW FDQ EH SHUIRUPHG 0RUH GHGLFDWHG
PHWKRGV WR DQDO\]H WKH IRUPDWWHG ,0& DUH GHVFULEHG E\ 0DL HW DO  ZKR XVHG FURVV VHFWLRQV DQG [UD\
SKRWRJUDSKVWRLQYHVWLJDWHWKHPL[LQJEHKDYLRUWKHPLFURVWUXFWXUHDQGWKHSUHVHQFHRIGHIHFWVVXFKDVFUDFNV%DVHG













GHVFULEHG E\ 'RZGHQ  7KH IRUPDWLRQ RI EULWWOH ,0& LVPLQLPL]HG E\ UHGXFLQJ WKH LQWHUPL[WXUH RI ERWK
PHWDOV7KHDOXPLQXPVKHHW LVSRVLWLRQHG LQRYHUODSFRQILJXUDWLRQRQ WRSRI WKHFRSSHU VKHHW VHH)LJ D7KH
DOXPLQXP LV OLTXHILHGE\ WKH LQWURGXFHG ODVHU HQHUJ\ZKLOH WKHFRSSHU UHPDLQV LQ VROLG VWDWH7KXV DPLQLPL]HG
IXVLRQ]RQHEHWZHHQERWKPDWHULDOVLVIRUPHGDQGWKHIRUPDWLRQRI,0&LVOLPLWHG7KHZLGWKRIWKHIXVLRQ]RQHLV
GHILQHGE\D VSDWLDORVFLOODWLRQDQGSRZHU LQSXWE\SRZHUPRGXODWLRQ VHH)LJ E 6ROFKHQEDFK HW DO











2.2. Mechanical tests 
$ODSVKHDUSXOO WHVWZDVXVHGWRGHWHUPLQHWKHPHFKDQLFDOSURSHUWLHVRIWKHMRLQW7KHPD[LPXPSXOOLQJIRUFH
DQGWRXJKQHVVZHUHXVHGWRGHVFULEHWKHPHFKDQLFDOSHUIRUPDQFH7KHSXOOWHVWVZHUHSHUIRUPHGZLWKVDPSOHVIRU
HDFKSDUDPHWHU VHW7KH WRXJKQHVVZDV FDOFXODWHGE\ LQWHJUDWLQJ WKHPD[LPXPSXOOLQJ IRUFH DV D IXQFWLRQRI WKH
HORQJDWLRQ /DVHUEUD]H ZHOGHG MRLQWV DFKLHYH PHFKDQLFDO SXOO IRUFHV XS WR   RI WKH ZHDNHU EDVH PDWHULDO
0HGLDQSXOOLQJIRUFHPP$OZLWKVDPSOHJHRPHWU\DV)LJERI1FDXVLQJKLJKGHIRUPDWLRQRIWKHEDVH
PDWHULDOZKHUHE\FUDFNVDW WKH VWDUWDQGHQGSRLQWRI WKHZHOGVHDPZKHUH IRUPHG VHH ILJXUHD7KHVWDUWDQG
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ZKLFK ZDV DOVR IRXQG E\ &KHQ HW DO  7KH SKDVHV ZHUH LGHQWLILHG RQ WKH FURVVVHFWLRQ E\ WKHLU GDUN
JUH\EURZQFRORU7KHKDUGQHVVWHVWVZHUHSHUIRUPHGEDVHGRQWKH9LFNHUVPHWKRGZLWKDORDGRIJI',1
7KHLQGHQWDWLRQVZLWKKLJKHVWKDUGQHVVIRUHDFKSDUDPHWHUVHWZHUHHYDOXDWHG
2.4. Electric tests 
7KH,0&KDYHDQLQFUHDVHGVSHFLILFHOHFWULFUHVLVWDQFHȡZKLFKLVDERXWWRWLPHVKLJKHUFRPSDUHGWRFRSSHU




















7KH KLJKHVWPHGLDQ SXOOLQJ IRUFH RI 1ZDV DFKLHYHGZLWK D SXOVH WLPH RI V VHH )LJ  7KHPHGLDQ
SXOOLQJ IRUFH LV DSSUR[ RI$O EDVHPDWHULDO VWUHQJWK 1 IRU SXOVH WLPH V EHIRUH GHFUHDVLQJ WR
DSSUR[IRUSXOVHWLPHVVZLWKDVXFFHVVLYHO\LQFUHDVLQJYDULDWLRQ7KLVSKHQRPHQRQFDQEHH[SODLQHG
E\WKHLQFUHDVLQJDPRXQWRI,0&FDXVLQJDEULWWOHZHOGVHDPZKLFKKDVDOVREHHQREVHUYHGGXULQJSXOOWHVW7KH
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7KHPD[LPXPSXOOLQJIRUFHDQGWRXJKQHVVDUHVWURQJO\FRUUHODWHGWKHKLJKHVWIRUFHEHLQJDFKLHYHGZLWKHTXDO
SDUDPHWHUVDVKLJKHVWWRXJKQHVV7KHWRXJKQHVVRIIHUVDVLJQLILFDQWDGYDQWDJHWRWKHIRUFHE\WDNLQJWKHHORQJDWLRQ
LQWRDFFRXQW WKXV WKHEULWWOHQHVVRI WKHZHOGVHDPLVPRUH OLNHO\ WREHGHWHFWHG7KHSXOOLQJIRUFHGURSSHGDERXW





3.1. Hardness test 














7KH LQGHQWDWLRQ VL]H LVGLUHFWO\ OLQNHG WR WKHDSSOLHG IRUFHDQGKDVDQDYHUDJLQJFKDUDFWHU$KLJKHU WHVW IRUFH
UHVXOWVLQDELJJHULQGHQWDWLRQVL]HWKXVUHGXFHVWKHLQIOXHQFHRIVPDOO,0&WRWKHPHDVXUHGKDUGQHVV$KDUGQHVVRI












3.2. Electrical test 







 Pascal Schmalen and Peter Plapper /  Physics Procedia  83 ( 2016 )  506 – 514 513
7KHZHOGUHVLVWDQFHLQFUHDVHGZLWKWKHSUHVHQFHRIPRUH,0&LQWKHZHOGVHDP)URPWRVSXOVHWLPHWKLV
EHKDYLRU FDQ FOHDUO\ EH GHWHFWHG EXW IURP  WR V SXOVH WLPH WKH PHGLDQ UHVLVWDQFH GHFUHDVHV OLJKWO\ $Q
LQGLUHFWPHDVXUHPHQWRIWKH,0&WKLFNQHVVEDVHGRQUHVLVWLYLW\PHDVXUHPHQWLVWKHUHIRUHGLIILFXOW WKHYDULDQFHRI
WKH PHDVXUHPHQW GHYLFH LV WRR KLJK 7KH LQWHUPHWDOOLF LQWHUIDFH KDV QR FRQVLVWHQW OD\HU WKLFNQHVV LH WKH
LQWHUPL[WXUHLVWRRDJLWDWHGIRUSXOVHWLPHDERYHV7KHUHVLVWDQFHIRUWKHXQZHOGHGEDVHPDWHULDOSXOVHWLPH
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